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WIND TUNNEL TEST 0A113 OF THE 0.013-SCALE 
SPACE SHUTTLE ORBITER MODEL 51-0 IN THE 
CALSPAN HYPERSONIC SHOCK TUNNEL (48-INCH LEG) 

By 

R. R. Burrows, Rockwell International Space Division 
C. E. Rogers, Cal span Corporation 

ABSTRACT 


This report presents results of wind tunnel test 0A113, an experimental 
investigation conducted in the Calspan Hypersonic Shock Tunnel, from 10 
through 28 August and 28 September through 4 October 1974 using a 0.010- 
scale "140A/B" configuration Orbiter model designated 51-0. 

The test objectives were: 

1) To obtain force and moment data at various Mach numbers and 
Reynolds numbers from which viscous interaction effects on 
stability and control may be determined. 

2) To provide flow visualization data from which the effects of 
control surface separation may be evaluated. 

3) To obtain pressure data in conjunction with force and moment 
data to assist in analyzing viscous interaction and flow-separa- 
tion effects. 

A total of 121 runs were made, 108 of which provided useable data. 

Data were obtained at angles-of-attack of 20°, 30°, 40°, and 50° (all at 
B = 0° and a combined attitude, a = 30°, £ = 5°). The Mach number range 
covered was from 10 to 16 and the viscous interaction parameter, V^, range 
was from 0.01 to 0.06. 
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INTRODUCTION 


This report contains information pertaining to wind tunnel test 0A113, 
using model 51-0 in the Calspan 48-inch Hypersonic Shock Tunnel. The test 
began 10 August 1974 and ended 4 October 74 for a total of 121 runs. The 
model used was a 0.010 scale-replica of the "140A/B" configuration Orbiter, 
termed vehicle 4. 

The purpose of the test was to: 1) obtain force and moment data at 

various Mach numbers and Reynolds numbers from which viscous interaction 
effect on stability and control may be determined, 2) provide flow visuali- 
zation data from which the effects of control surface separation may be 
evaluated, and 3) obtain pressure data in conjunction with force and moment 
data to assist in analyzing viscous interaction and flow-separation effects. 

Detailed model, instrumentation, and pretest information are given in 
Reference 15. 
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Plot 

Symbol 


NOMENCLATURE 


Symbol 

a 

A 

b 

w 


cp 


BREF 


LREF 


CA 

C(CP) 

CBL 

CLM 

CN 

CYN 

CP 


Definition 

calibration constant, Ib/mv or in-lb/mv 
axial force, lbs. 

wing span; lateral reference length, in 

wing MAC length, longitudinal reference length, 
in. 

specific heat at constant pressure, ft-lbs/slug-°R 

Ac 


axial force coefficient, - — ^ 


cavity pressure coefficient 


p cav ” p « 


rolling moment coefficient, <• 

q « D w W 
m 

pitching moment coefficient, -r r -_ - - 

c 


normal force coefficient, *■ 


W 


yawing moment coefficient - — * — g— 

"co D w 


pressure coefficient. 


p - p 

r m 


CY 


C' 

oo 

C* 


/ ;* 
oo 


C* 

SQRTC* 


side force coefficient, f — 

q S, , 

(see Data Reduction Section) 

(see Data Reduction Section) 

(see Data Reduction Section) 

vertical distance from balance center to model MRC, 
inches 
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NOMENCLATURE (Continued) 


H ( 0 ) total enthalpy, ft-lbs/slug, H 0 was multiplied by 10 

for data display 




£ 


H(W) enthalpy at wall conditions, ft-lbs/slug. H was 

multiplied by 10"° for data display 

rolling moment about the balance center, in-lbs 

Orbiter reference body length, inches 


m pitching moment about the balance center, in-lbs 

M.j M( I ) incident shock Mach number 


M 

00 

MRC 

n 

N 

P 



Re/ ft 


Re £ 



MACH Mach number 

MRP model moment reference center (X Q , Y q , Z q ), in 

yawing moment about the balance center, in-lbs 
normal force, lbs. 

pressure, psia 

PMj pressure measured on model at tap number j = 1,2, 3, 4, 

psia 

P(0) stagnation pressure, psia 

PITOT stagnation pressure behind a normal shock, psia 

P(TS) pressure in the test section before a test, microns 

P freestream static pressure, psia 

Q(PSI) freestream dynamic pressure 

p U , 

RN/L Reynolds number per foot, — - — — , Re/ft was 

multiplied by 10"® for data display 

REFTL Reynolds number, p °° U co fc b . r p was multiplied by 10"® 

pOO A/ 

for data display, based on orbiter reference length. 

2 

model reference cavity area, in. 

O 

SREF model wing reference area, in 
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NOMENCLATURE (Continued) 


T 


temperature, °R 

T o 

T ( 0) 

total temperature, °R 

T W 

T(W) 

temperature at wall conditions, °R 

T* 

T* 

(see Data Reduction section) 

T 

00 

T 

freestream static temperature, °R 

u 


longitudinal distance between the balance center 
and the model MRC, inches 

U 

00 

U 

freestream velocity, ft. per sec. 

V 


spanwise distance between the balance center and the 
model MRC, inches 

v* 

oo 

VBAR 

(see Data Reduction section) 

V' 

00 

VLBAR 

(see Data Reduction section) 

V*b 

XCP/L 

normal force center of pressure, 0 . 65 -(s?j — )(-£ — ), 
percent model length *b 

x i 


ith component balance capsule output, i = 1,2,... 6, 
mv 

X MRC 

XMRP 

longitudinal location of MRP, in. X rt Orbiter longi- 
tudinal station, in. 0 

X o 

XO 

Orbiter longitudinal station, in. 

Y 


side force, lbs 

y mrc 

YMRP 

lateral location of MRP, in. Y q 

Y o 

YO 

Orbiter lateral station, in. 

Z MRC 

ZMRP 

vertical location of MRP, in. Z^ 

Z o 

ZO 

Orbiter vertical station, in. 
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NOMENCLATURE (Continued) 


ALPHA 

AILRON 
BDFLAP 
ELEVON 
RUDDER 
SPDBRK 
MU 

RHO 

SIGMA 
PHI 
BETA 

SUBSCRIPTS 

1 

4 

AF 

c 

cav. 

cp 

E. 

i 

L 


a 

Y 



6 R 

6 sb 


Woo 

Poo 

a 

♦ 

e 


model angle-of-attack, degrees 
specific heat ratio 

aileron deflection (6^ - <5^ )/2 , degrees 

body flap deflection, degrees 

elevon deflection (6^ + 6 Er)/ 2> degrees 

rudder deflection, degrees 

speedbrake deflection, degrees 

freestream absolute viscosity coefficient, 
slugs/ft-sec, was multiplied by 10 8 for data 
display 

freestream density, slugs/ft 2 , p ro was multiplied 
by 10 6 for data display 

standard deviation 

angle of roll, degrees 

angle of sideslip, degrees 

driven gas initial conditions 
denotes region behind reflected shock 
data based on tunnel airflow calibrations 
corrected 
cavi ty 

center of pressure 

data based on estimated values for qo (ref. 14) 
incident shock in driven gas 

left 
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NOMENCLATURE (Concluded) 


m 

0 

o' 

R 

ref. 

W 


model 

nozzle supply stagnation conditions; Orbiter reference 
system 

stagnation conditions behind a normal shock 

right 

reference 

wing reference; conditions at wall 
freestream conditions 
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REMARKS (PRECISION OF DATA) 


The stagnation enthalpy and the test section free stream conditions 
were calculated using the thermodynamic properties of real air, the incident 
shock wave velocity and the nozzle supply pressure. The speed of the in- 
cident shock wave was measured to within +1 percent. Based on the agreement 
of pressure transducers, the nozzle supply pressure is considered accurate 
to within + 3.5 percent. The dynamic pressure was determined from a linear 
correlation of measured model pressures and forces (see Data Reduction sec- 
tion); therefore one would expect the most probable error in dynamic pressure 
to reflect the accuracy of these measurements which is + 5% and + 3%, re- 
spectively. The resultant most probable error in dynamic pressure is, 
calculated as + 5.8%. The test section Mach number which is in turn de- 
pendent upon the ratio of p 0 ' /p 0 * q„/p 0 is then estimated to be accurate 
to + 2%. 

The model attitude was set with an inclinometer at the desired angles 
of pitch and roll, and they are estimated to be within + 0.1°. 

On the basis of calibration repeatability and on the consistency and 
the repeatability of the pressure data, it is estimated that these data have 
a "most probable error" of + 5%. 

Uncertainties in force coefficients arise from errors in q , reference 

'oo 

area and balance loads. The error in is covered in the Data Reduction 
section. If one assumes a negligible error in the reference area, then all 
that is needed to obtain the overall accuracy of the force data is a know- 
ledge of the precision of measuring the balance loads. On the balance 
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REMARKS (Concluded) 


output there will be an incremental error which is based on the capability 

of the balance to read a given load. This type of uncertainty would put 

on the data plot a band which would be independent of angle of attack. 

These incremental errors are obtained by calculating the standard deviation 

between applied and calculated calibration loads. The calculated loads were 

determined by using the calibration constants and the balance output data 

produced by the applied loads. For the calibrations used in the program, 

the results are as follows: 

Component Standard Deviation (o) 

N + .232 pounds 

m + .418 inch-pounds 

Y + .775 pounds 

n + .670 inch-pounds 

l + .081 inch-pounds 

A + .066 pounds 

For a normal or Gaussian distribution of errors, la contains 68.3% of 
the data compared to 99.7% of the data for 3a. Therefore, 3a is considered 
to be more applicable here. 


Component 


(3a) 


N 

m 

Y 

n 

l 

A 


+ .696 pounds 
+1.254 inch-pounds 
+2.325 pounds 
+2.010 inch-pounds 
+ .243 inch-pounds 
+ .198 pounds 


CONFIGURATIONS INVESTIGATED 


The test article was a 0.010-scale replica of the "140 A/B" configura- 
tion of the SSV Orbiter, vehicle 4. The model was constructed of AZ31B 
magnesium and consisted of the following removable items: fuselage, wing, 
vertical tail, orbital maneuvering system (OMS) pods and nozzles, simulated 
Orbiter main engine nozzles, elevons, and body flap. (See reference 16 for 
drawing numbers). 

The following nomenclature was used to designate the model components: 
°1 = B 26 C 9 E 44 F 7 M 7 N 28 N 77 R 5 V 8 W 116 


Component 


Definition 


26 


-44 


M- 


78 


77 


W 


116 

The above 


Body 

Canopy 

Elevon (left and right) 

Body flap 

OMS pods (left and right) 

OMS nozzles (left and right) 

SSME nozzles (top, lower left, lower right) 

Rudder 

Vertical tail 
Wing 

nomenclature is depicted in Figure 2a and defined 


in Table III. 
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CONFIGURATIONS INVESTIGATED (Concluded) 


The entire test was performed with all of the above components i 
Various combinations of elevon and body flap deflections were tested, 
are as follows: 


Left 6 e 

Right <$ e 

6 BF 

-40° 

O 

o 

1 

-11.7 

0 

O 

i 

-40° 

0° 

0° 

0° 

0° 

0° 

0° 

-11.7 

0° 

0° 

+16.3 

+12° 

+12° 

0° 

+12° 

+12° 

+16.3 

+15° 

+15° 

+16.3 

+12° 

0° 

0° 


place. 

They 
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INSTRUMENTATION 


The force measurement system used for test OAT 1 3 consisted of the 
Calspan 1.312 inch diameter six-component "E" balance and an accelerometer 
balance for inertial compensation. The "E" balance, which was mounted in- 
ternally in model 51-0 consists of six piezoelectric load cells mounted to 
a non-metric platform which was integral with the sting support. The 
accelerometer balance consisted of six accelerometers (equal in number to 
the number of force and moment components) whose locations were selected 
for maximum imposed acceleration, i.e., at model extremities for pitch, 
roll, yaw. An analog computer was used to combine signals from the balance's 
six force-beams (3 normal, 2 side, and 1 axial) and the accelerometer 
balance system, to yield inertially compensated force beam output directly 
in forces and moments. 

Pressure instrumentation consisted of five Calspan transducers mounted 
in the model. One measured balance cavity pressure, two measured lower 
wing surface pressure and the remaining two measured pressure on the lower 
fuselage centerline. Their locations are shown in Figure 2b. 

The model, model cavity, and pitot pressures were measured by a system 
developed to meet the particular requirements of shock tunnel testing 
(Ref. 2). The pressure transducers employ piezoelectric elements, and 
their small size permits installation within the model. The transducers 
used in this test have a dual -element feature which reduces acceleration 
effects to an indicated pressure of .0003 psi/g. Pressures as low as .0008 
psi may be accurately measured by these transducers. Proper shielding of 
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INSTRUMENTATION (Concluded) 


the elements precludes temperature effects in the short test time. 

The outputs from the pressure transducers and the force-balance system 
were recorded on the magnetic drum of a Navigational Computer Corporation 
MCL-100 data acquisition system (NAVCOR), which samples the data from each 
of 48 channels every 50 microseconds. The data from the drum are trans- 
ferred to a Brush recorder for immediate examination and preliminary calcu- 
lations. The average voltages obtained from the Brush recorder were sub- 
sequently punched on cards for reduction on an IBM 370-168 computer. 

The Schlieren system used was of the double-pass collimated type with 
the knife edge horizontal. This system was used for the sensitivity needed 
to obtain photographs of shock waves during the low density runs. Schlieren 
photographs were taken on most of the runs. 
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TEST FACILITY DESCRIPTION 


The basic components of the 48-inch Hypersonic Shock Tunnel (HST) are 
shown in Figure 2.c and described in Reference 1. The tunnel employs a 
constant-area shock tube with an 8-inch inner diameter. The driver tube is 
20 feet long and is externally heated by a resistance heater to temperatures 
of 1460° R. The driven tube is 50 feet long. The driver gas is generally 
a mixture of helium and nitrogen with a maximum helium purity of 100% while 
the driven gas is generally air. Steady-flow test times of duration suf- 
ficient to permit accurate measurement of the various parameters of interest 
are achieved with the tailored-interface technique. A basic discussion of 
shock tunnel operation technique can be found in Reference 1. 

Three axisymmetric nozzles are available to expand the test gas to 


high velocities: 




Nozzle 

Type 

Exit 

in 

Diameter 

inches 

Test Section 
Mach Number 

A 

Contoured 


24 

5.5 to 8 

D 

Contoured 


48 

10 to 16 

E 

10-1/2° Semi-angle 

cone 

48 

9 to 20 


The contoured nozzles provide parallel flow with no pressure gradients in 
the streamwise direction for several feet. This is very important since 
the presence of a streamwise pressure gradient can have a significant effect 
on model test results. The nozzles employ replaceable throat inserts of 
different diameters so that with the particular nozzle, the test Mach 
number can be varied. Test air passes downstream of the test section into 
a receiver tank of a size sufficient to maintain the desired flow for dura- 
tions of 5 to 13 milliseconds. All nozzles have been calibrated using pitot- 
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TEST FACILITY DESCRIPTION (Concluded) 


pressure survey rakes over the Mach number range indicated. 

The test section is equipped with two 16-inch diameter Schlieren 
windows mounted a short distance aft of the nozzle exit. 
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TEST PROCEDURE 


The force balance system was first statically calibrated by hanging 
a series of weights on the balance and recording the force capsule voltage 
outputs. The model was then mounted on the balance and an inertial com- 
pensation procedure in which the model underwent known translational and 
rotational accelerations about three chosen axes was conducted. The re- 
sultant signals were used as inputs to an analog computer. The computer, 
by combining the force balance and accelerometer signals, supplied as out- 
puts to the recording system the values for the aerodynamic forces and 
moments. Once the balance was compensated, a dynamic check calibration 
was made of the complete model balance system to verify the accuracy of 
the compensation. This procedure consisted of rapidly releasing known 
loads from the model and recording six-component acceleration-compensated 
balance data. 

The pressure transducers were calibrated ( i . e . , voltage output vs. 
applied pressure) after installation in the model. The voltage variation 
of the transducer is linear over the range of pressure normally encountered 
during testing. This calibration, in conjunction with estimated values for 
the model pressures to be experienced during the actual test, provided the 
basis for adjusting the gain of the data recording system to achieve maxi- 
mum "readability". The detailed calibration data are kept on file at 
Calspan. 

The model was installed on the Calspan 1.312 inch diameter six-com- 
ponent "E" balance assembly, supported by a Calspan 1-inch diameter sting 
(H61-1042-5) , as shown in Figures 2d and 2e. The sting was shock mounted 


18 



TEST PROCEDURE (Concluded) 


in the tunnel sector for vibration isolation. Model attitude could be 
adjusted in pitch, yaw or combined pitch and yaw, by pitching the sector 
from 0 to 53.5 degrees and rolling the sting between 0 and + 180 degrees. 

For the first three runs, the model was inverted (<)> = 180°) and pitched 
to +30° angle-of-attack by means of a 45° bent sting adapter (H33-0004-1) 
which was inverted and pitched +15° at the sector (see Fig. 2e). This 
pitched the model nose below the tunnel centerline and was done to determine 
whether there were any radial flow gradients or flow angularities inherent 
to the tunnel. All of the remaining runs were performed with the model 
upright (<j> = 0°), with the straight sting. 

The entire program was performed using the contoured Mach 16 "D" 
nozzle in the 48-inch leg of the Calspan Hypersonic Shock Tunnel. 
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DATA REDUCTION 


With the exception of and p^, standard Cal span data reduction 
methods were used to compute force and moment coefficient data, center of 
pressure locations, and the remaining test section conditions. Reference 
3 describes the Cal span standard data reduction methods used for the Hyper 
sonic Shock Tunnel. 

From the model -balance system static calibration data, a matrix was 
computed that relates the applied loads and moments to the balance outputs 
accounting for all interactions and the location of the specified moment 
reference center. Aerodynamic forces and moments were then computed from 
the matrix, which for the six component balance has the form: 




m 

Y 

n 

i 






V A J 


~\ 






h 

\ 6 ; 


where X = balance capsule output in millivolts 

a = calibration constant (lb/mv or in-lb/mv ) 

N = normal force 

m = pitching moment about the balance center 

A = axial force 

Y = side force 

i = rolling moment about the balance center 
n = yawing moment about the balance center 
In addition, the pitching, yawing and rolling moment coefficients 
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DATA REDUCTION (Continued) 


about the model moment reference center and axial force corrected for model 
cavity pressure were computed from the following equations: 


m 

c 

= m+uY+hA 

c 

0) 

where: 

rt c 

= n + u Y + v A„ 
c 

(2) 

u = -0.519 inches 

*c 

= t + hY-vN 

(3) 

h = +0.250 inches 

A c 

= A + S (P 

cav. cav. 

- P ) (4) 

v = 0.0 




s cav. ’ 4 - 500 '" 2 


The pressure transducers measure the difference between the initial 
test section pressure and the applied local pressure. The initial pressure 
is of the order of 5 microns and is added to the measured pressure to ob- 
tain the absolute model pressure. The local pressure coefficient C p was 
then computed. 

The test conditions of pressure, temperature and Reynolds number are 
computed by assuming isentropic expansion of the test gas from the con- 
ditions behind the reflected shock in the driven tube to the test section 
Mach number. The flow is expanded sufficiently so that the air in the test 
section is cool enough to obey the perfect gas laws. 

The stagnation enthalpy and temperature of the air behind the re- 
flected shock is determined from 


■ «, (H 4 /H,) 

(5) 

■ 7, (T 4 /T,), respectively 

(6) 
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DATA REDUCTION (Continued) 


where and T^/T-j are functions of U.., the incident shock velocity, 

(References 4-6). U.. is obtained by measuring the time taken by the shock 
wave to pass between two stations in the shock tube. H, is taken from 


Reference 7. Free stream static temperature is obtained from 
T = -S— (1 + M 2 ) Y ' 1 

oo tp c 00 

Free stream pressure is calculated using 

(lY ) 

P = P n P n C 1 + ^ M 2 ] ^ 

OO p 0 Z 00 

Where: (P/P o )real 

P P = [ W 0 lperf? 


( 7 ) 


(8) 


is the real gas correction to the ideal static-to-total pressure ratio as 
described in Reference 8. The source data used in this technique are 
References 7 and 9. 

Values for absolute viscosity (y) used to compute Reynolds numbers 
were obtained from Reference 10 for temperatures below 500°R and from 
Reference 11 for temperatures above 500°R. 

Stagnation conditions behind a normal shock in the test section are 
based on the data of Reference 9. The balance of the primary test section 
properties is based on perfect gas theory. 

The normal procedure used to determine free stream Mach number is 
through a correlation of Mach number and reservoir pressure and tempera- 
ture determined from previous airflow calibrations (Reference 1). These 
calibrations consist of measured lateral pitot surveys for a range of 
tunnel operating conditions. Free stream Mach number used in the correlation 
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DATA REDUCTION (Continued) 


is determined from the ratio Pq/p o for each airflow run (Reference 3). 
Dynamic pressure is then calculated from 


q« = 



( 9 ) 


During this program, coefficient data scatter as high as + 20 % was 
noticed at some test conditions. Since X cp / and L/D did not show this 
scatter it was concluded that the coefficient scatter was caused by in- 
sufficient knowledge of dynamic pressure. It was subsequently discovered 
that the forward model pressure (P m ^) correlated very well with normal force 
as shown in Figure 4a. Correlations of normal force and dynamic 
pressure were then made using an iterative procedure. The resultant values 
are shown in the tabulations below and are plotted in Figures 4b to 4d. 


ALPHA 



20° 

30° 

40° 

cn 

o 

o 

V q ~ 

0.3522 

0.6689 

0.9806 

1.353 

6 e /6 BF 

-4o°/-n° 

o 

o 

— 

o 

o 

+12°/+16.3° 

+15°/16.3 

N '% 

43.34 

46.53 

52.39 

54.02 



ALPHA 




20° 

30° 40° 

50° 

S e /6 BF 

N/q„ 

15.26658 

28.99053 42.49997 

58.66109 

-40°/-ll .7° 

N/q„ 

16.39050 

31.12480 45.62880 

62.97970 

0°/0° 

N/q. 

18.45437 

35.04398 51.37430 

70.9100 

+12°/+16.3° 

N 'q» 

19.02763 

36.13260 52.97020 

73.11276 

+15°/+16.3° 
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DATA REDUCTION (Continued) 


This procedure is based upon the assumption that viscous interaction 
effect on normal force is on the order of 1%, and can effectively be ignored. 
Therefore normal force is assumed to be linear with dynamic pressure. In 
addition, p is located on the model such that it is free from flow se- 

m 4 

paration and control surface deflection effects. It can also be shown that 

test data for p is linear with the estimated value for dynamic pressure 
m 4 

used for data reduction (see Figure 4d). 

Test conditions were then obtained as follows: 


1) Dynamic pressure for a given run was calculated from the ratio 
of p m /q m for the proper angle-of-attack and the measured p m for 

that run. ^ 


2) Pitot pressure was calculated from the theoretically established 
ratio of p„/q used in Reference 3. 

0 oo 


3) Free stream Mach number and the balance of the test conditions 
were then calculated from the ratio p'/p , using the measured 
values of reservoir conditions for that run and equations 5 to 8 
as discussed above. For a detailed discussion of the theoretical 
principles and experimental substantiation for deriving the esti- 
mated dynamic pressures, see Reference 14. 


Other equations and methods special to this test are outlined below: 
1) Calculation of viscous parameter V* (Rockwell Method) 


= 0.5 + (1 + 0.2 Mf)[0.31462(sin 2 a) + 0.18538] (10) 

oo 00 

C* = (_J1_) 1/2 ( T ” + 198.6 ) (11) 

T « T* + 198.6 

M /T* 

v* = — d2) 

r is r 
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DATA REDUCTION (Concluded) 


2) Calculation of viscous parameter V' (LANGLEY METHOD) 


T' 


= (0.468 + 0.532 4^- + 0.039 M 2 ) 

' j oo 

00 

. (lL.ll/2r T » + 122.1 x ID-' 5 ' 1 .), 

'T ‘ L — * 757PV 

"» T + 122.1 x 10- lD/1 ; 


(13) 

(14) 


v: 


M 

oo co 


(15) 


/RiT 

The following reference dimensions and constants were used to compute 
force and moment coefficient data and center of pressure locations. These 
values are shown in Figure 2f. 


5,ymbol 
b. 


w 


c 

n L 


w 


MRC 


cav. 


MRC 


MRC 


Full Scale 

936.7 in 

474.8 in 
1290.3 in 


2690.0 ft 2 
1076.7 in 


0.0 in 


375.0 in 


Model Scale 

9.367 in. 

4.748 in 
12.903 in 


0.269 ft* 
10.767 in 


4.50 in 2 


-0.519 in 
0.0 in 
0,0 

3.75 in 
0.250 in 
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DISCUSSION OF TEST RESULTS 


A total of 121 runs were completed at Cal span. Of these 108 runs 
yielded useable data. Six test conditions were run and these are listed 
in Tables I and IV. 

As a result of the problem with dynamic pressure, all of the coefficient 

data presented in this report are based upon a procedure to provide estimated 

dynamic pressure based on model pressure (p ) correlations. This procdure 

m 4 

is described in the Data Reduction section of this report. 

In general, preliminary force results show less viscous interaction 
effect than data from test 0A81 (Reference 12). AC^ and AC m (0.65^) data 
from test 0A113 are about 60 percent as large as that obtained from test 
0A81 . Positive deflection of control surfaces show little viscous inter- 
action effect on pitching moment except at higher angles of attack (40 
and 50 degrees exhibit pitch up). 

Shock wave structure can not be seen in the Schlieren photographs for 
test conditions where V* is greater than 0.036, because of the very low 
freestream density. 

Before the test began, certain model discrepancies and errors in con- 
figuration were discovered. These model inaccuracies were corrected be- 
fore test 0A113, and are documented in reference 13. However, during the 
test, it was discovered that the +10 degree elevon brackets were actually 
+ 12 degrees. This was indicated by data trends and later substantiated 
by making +15 degree elevon deflection runs and thorough measurements. 

A complete analysis and discussion of test data and results can be 
found in Reference 14. 
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TABLE I. 



TEST I 0A-113; CAL 184-220 



IDATE : 10 Aug. 74 


TEST CONDITIONS 


REYNOLDS NUMBER 
(pet foot) 


0.482 x 10° 


0.065 x 10 6 


0.250 x 10 6 


r>6 


DYNAMIC PRESSURE 
(pounds/sq. inch) 


0.282 

5,140 

0.724 

1,840 

0.281 

5,040 

0.176 

3,540 

0.452 

3,440 

0.066 

3,440 


CALSPAN "E" Low-Load Balance 


CAPACITY: 

96.3 lbs 

62.4 lbs 
41.0 lbs 
60.86 in- l bs 

12.04 in-l bs 
43.13 in-lbs 


ACCURACY: 

± 3 % measured load 
± 3 % measured load 
+ 3% measured load 
+ 3 % measure d load 
t 3% measure d load 
+ 3% measured load 


COEFFICIENT 
TOLERANCE. * 


comments: *See Data Reduction section 

T.C. = Test Condition Code No. used by Cal span 
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TABLE II. 

TEST* 0/H (3 ; CAL 18^-220 DATA SET/RUN NUMBER COLLATION SUMMARY DATE : IQ 
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TABLE II. - Concluded 

TEST : QAH(3 C/3L284-22Q DATA SET/RUN NUMBER COLLATION SUMMARY |pATE • (Q~4i>G ~?4 
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♦REVISED 4/24/74 


TABLE III. - MODEL DIMENSIONAL DATA 

MODEL COMPONENT BODY - BpA 

GENERAL DESCRIPTION Configuration 14qa/b Orblter Fuselag e 

NOTE: identical to except underside of fuselage r cfaired to 



MOnET. SCALE? O.OIO 

DRAWING NUMBER VL70-000193. VL70-000140A 

DIMENSIONS FULL SCALE 

Length (Body Fvd Sta X Q =235) -Tn . ipqv? 

* Mox Width (@ Xo = 1528.3)-In. 264.0 

Max Depth (@ X Q * 1464) - In. 250.0 

Fineness Rotio — 

Areo - Pt.^ — — — 

Mox. Cross-Sectional 
Plonform 

Wetted 

Bose 


MODEL SCALE 

12*933 

- 2.640 

2.500 


fl.O-34 
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♦REVISED 4/24/ 74 


TABLE III. - MODEL DIMENSIONAL DATA- Continued. 

MODEL COMPONENT : canopy - 

GENERAL DESCRIPTION _ Configuration 3A 

Canopy to match the nose I40A/B 


MODEL SCALE; 0.010 

DRAWING NUMBER VL70-000143A & VL70-000140A 


MODEL SCALE 

1.434 
1.524 

, . 

Areo _____________ 

Max. Cross-Sectional __ _ ___ __ . __________ 

Plan form _________ ____________ 

Wetted ________ _______ 

Base 


DIMENSIONS 


FULL SCALE 


♦Length (X Q =434.643 to 578) 
Max Width (@ X Q = 513-127) 
Max Depth (@ x * 485 .O) 


^3.357 

152.412 


25.QQQ 


Fineness Ratio 
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TABLE III. - MODEL DIMBNSIOKAL DATA- Continued. 


MODEL COMPONENT : yj.Kvrw - W| t ) , (See Figure 2g) 


GENERAL DESCRIPTION: J 6.0 . I . N. _F x S J _g SlS e machined into ib< elevon. Planner 

doors . . ., ceaterbQdv...Dieces. and tipse^-is (rto+» are tac 

ooe side). 

MODEL SCALE: 0.010 

DRAWING NUMBER : Hot available 


DIMENSIONS: FULL-SCALE 

Area - Ft 2 210.0 

Span (equivalent), in. -&q.p 

Inb'd equivalent chord , In. 118.0 

Outb'd equivalent chord , In. 55.19 

Ratio movable surface chord/ 
total surface chord 

At Inb'd equiv. chord 0.2006 

At Outb'd equiv. chord q.uoqi 

Sweep Back Angles, degrees 

Leading Edge 0 .00 

Trailing edge - 10.056 

Hingeline 0.00 

Area Moment (Product of area & c),Ft 3 i 05 

Mean Aerodynamic Chord, In. 90.7 


MODEL SCALE 

- 0.0210 

— ZJi 92 . 

I.I80 

-Q-552 


_a*2oa6_ 

o.Anok 

-D.OQ 

- IQ. 0.5 6 
0.00 

0 ifl>| Q159 
0.907 
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TABLE III. - MODEL DIMENSIONAL DATA - Continued. 

MODEL COMPONENT BODY FLAP - 

GENERAL DESCRIPTION Configuration l40A/B Orblter Body Flap 


MODEL S CALE: O.OIO MODEL DRAWIMG: SS-AQQ1U7. RELEASE 12 

DRAWING NUMBER VL7Q-0Q0lltf)A f VL7Q-QQQL?t5 


DIMENSIONS FULL SCALE 

Length (X o =1520 to X o =l6l3) - In. — 91-QQQ*,. 
Max Width - in. - 362.000 

Max Depth ( Xq = 1520) - In. 23-000 _ 

Fineness Ratio 

Area - Ft^ ■ ... - . 

Max. Cross-Sectional 
Planform 1^2.6 

Wetted 

Base Iti M2 

•Model dim. measured from Model Sta. 15-20 


MODEL SCALE 

— m ■ 

2.620 

0-230 


n.oi Li 


SLQQkZL 
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TABLE III. - MODEL DIMENSIONAL DATA - Continued. 


MODEL COMPONENT OMS/RCS PODS - M ? 

GENERAL DESCRIPTION Configuration 140A/B Orbiter OMS/RCS pods. 



-MQIM. SCALE- OJXLQ 

MODEL DRAWING: 

SS-A001L7. RELEASE 12 

DRAWING NUMBER _VL70-000145~ 

DIMENSIONS 

FULL SCALE 

MODEL SCALE 

Lenqth ( QMS Fwd Sta X. =1233.0 1 In. 327.000 

3.270 

Max Width (@ X Q = 1450.0) 

- In. 94.5 

0.945 

Max Depth X = 1493. 0) 

- In. 109.000 

I .090 

Fineness Ratio 



Area 



Max. Cross-Sectional 



Planform 



Wetted 



Bose 


/ 
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TABLE III. 


MODEL DIMENSIONAL DATA- Continued. 


MODEL COMPONENT: OMS NOZZLES - N 2 q 

GENERAL DESCRIPTION: Configuration 140A/B Orbiter OMS Nozzles 

MODEL SCALE: O.OLO 

DRAWING NO.: VL70-000140A (Location); SS-A00106, RELEASE 5 (Contour) 


DIMENSIONS: 


X 

0 

Y o 

z 

0 


GIMBAL ORIGIN: 






Left Nozzle 

- In. 1518.0 

- 88.0 

492.0 



Right Nozzle 

- In. 1518.0 

+ 88.0 

492.0 


NULL 

POSITION: 


PITCH 

YAW 



Left Nozzle 

(Null Pitchl5°A9 ' ; Yav 
12°17' OUTB'D) 

1 8 

13°17' 

2 ° 30 ’ 

OUTB'D 

INB'D 


Right Nozzle 

(Null Pitch 15°49 ' ; Yav 
12°17 ' OUTB'D) 

+ 8° 

13°17 ’ 

2 °i7> 

OUTB'D 

INB'D 
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TABLE III. - MODEL DIMENSIONAL Da.TA - Continued. 

MODEL COMPONENT : MP3 NO ZELL 3 - N yy 


oEHERaL DESCRIPTION: Simulation of the three SSME nn7.7lps fnr t.hp iUoa/r 

-- Orb iter CQ.trf iKUrafciaiO He at shields are include d and ont.rmt:; fnr sling 

clearance . 

MODEL SCALE: q ,qiq 


DRAWING NUMBER: _VL7Q-QU51Q6a. SS-AQ1247 


DIMENSIONS: 

FULL SC-kLE 

MODEL SCALE 

MACH NO. 



Length - In. 

Gimbal Point to Exit Plane 

I53»QQ. 

— L.,530 

Throat to Exit Plane 

Diameter - In. 

Exit (External) 

94.00 

0.940 

Throat 

Inlet 

Area - ft^ 

Exit 

48.193 

Q..QQ4B 

Throat 

. . . 

Gimbal Point (Station) - In. 
Upper Nozzle 

A 

1445.00 

1 

<r\ 

O 

Y 

CL OD . 

n.oon 

Z 

__ 443.00 

4 .U 30 _ 




Lover Nozzles 

X 

_1468.17 

14.682 

Y 

+ 53-00 

+ . 0,530 

Z 

.. 34a,64 

. 3-426 

Null Position - De^. 
Upper Nozzle 
Pitch 

16^2 

16..0 

Yav 

0-0 

Q--Q 

Lower Nozzle 

Pitch 

10.0 

10.0 

Yav 

3.5 

3.5 OUTBOARD 
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OUTBOARD 


♦REVISED 4/24/74 


TABLE HI. - MODEL DIMERSIOHAL DATA - Continued. 
MODEL COMPONENT : RUDDER - r,. 

Jy — ■ 

GENERAL DESCRIPTION: __3Ai. 3. 3A -and J.40A/B _ Configuration per Rockwell 

Llaea.-VL70-QQ039$ 


MODEL SCALE: 0.010 

DRAWING NUMBER: VL70-000095 

- 


DIMENSIONS: 

FULL-SCALE 

MODEL SCALE 

* Area - Ft 2 

100.15 

0..0100 

Span (equivalent) - In. 

201.0 

2.010 

Inb'd equivalent chord - In. 

21^85 

0.916 

Outb’d equivalent chord - In. 

. _ 50.833 

0^P-6_ 

Ratio movable surface chord/ 



total surface chord 



At Inb'd equiv. chord 

0.400 

0.400 

At Outb'd equiv. chord 

0.400 

QJ&Q 

Sweep Back Angles, degrees 



Leading Edge 

3 Ju£S 

-3k.aa — 

Trailing Edge 

26,25 

-26u25 

Hingeline 



,Aa 3 

♦Area Moment (Product of area & " 5 ) 

-Ft 3 610.92 

0.000611 

♦Mean Aerodynamic Chord, Inches 

Ul L 

. Q.-73?. 
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♦REVISED 4/24/74 


TABLE III. - MODEL DIMENSIONAL DATA - Continued. 

MODEL COMPONENT: VERTICAL - V Q 

GENERAL DESCRIPTION: Configuration 3A. 

NOTE; Similar to V,. with radius o n TE upper corner n.nd LE Inwr caratr 

vfaerfi— yertlcal meets fuselage 

MODEL SCALE : r> .om 


DRAWING NUMBER: VL70 -00Ql40A ■ VL70-Q00146 a 


DIMENSIONS: 

FULL SCALE 

MODEL SCALE 

TOTAL DATA 



Area (Theo) - Ft 2 



Planform 

1*13.253- ■ 

oo4l 

Span (Theo) - In. 

31i S-72Q 

3.157 

Aspect Ratio 

1*6X5— 

1*6X5- 

Rate of Taper 

0*501— 

0.5Q7 — 

Taper Ratio 

0-4039? 

0.110399 

Sweep-Back Angles, Degrees. 



Leading Edge 

45.00 

k% jDQ 

* Trailing Edge 

26.2 

& .'d 

0.25 Element Line 

_ 41.130 - 

juJa. 

Chords : 



Root (Theo) VP - In. 

■26fiL5QQ,_ 

2.685 

Tip (Theo) VP 

iMJtXQ- 

i .Q»47 

MAC 


1 — 99flO_ 

Fus. Sta. of .25 MAC 

1463. 50 . 

14 . 633 

W.P. of .25 MAC 

63 5.522 

6.355 2 . 

B.L. of .25 MAC 

Q.JQQ — 

0-DO 

Airfoil Section 



Leading Wedge .\ngle - Deg. 

10.00 

1 Q.QQ 

Trailing Wedge Angle - Deg. 

14. cm 

14-pPO 

Leading Edge Radius 

2.00 

0-620 

Void Area 

13.17- ■ 

0*001317 

Blanketed Area 

0.00 

0.00 
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TABLE III. - MODEL DIMENSIONAL DATA - Concluded. 


MODEL COMPONENT: WING-W^ 

GENERA. DESCRIPTION : configure™ k 

Identical to W.^ except airfoil thickness. Dihedral angle Is along 


trailing edge nf 

MODEL SCALE- O.mn 
TS T NO. 


DIMENSIONS: 


TOTAL DATA 

Area (Theo.) Ft 2 
Plan form 
Span (Theo In. 

Aspect Ratio 
Rate of Taper 
T aper Ratio 

Dihedral Angle, degrees 
Incidence Angle, degrees 
Aerodynamic Twist, degrees 
Sweep Back Angles, degrees 
Leading Edge 
Trailing Edge 
0.25 Element Line 
Chords : 

Root (Theo) B. P.0.0. 

Tip, (Theo) B.P. 468.34 
MAC 

Fus. Sta. of .25 MAC 
W.P. of .25 MAC 
B.L. of .25 MAC 
EXPOSED DATA ? 

' Area IT neo) Ft* 

Span, (Theo) In. BP108 
Aspect Ratio 
Taper Ratio 
Chords 

Root BP108 
Tip 1.00 b 

Z 

MAC 

Fus. Sta. of .25 MAC 
W.P. of .25 MAC 
B.L. Of .25 MAC 

Airfoil Section (Rockwell Mod NASA) 
XXXX-64 

Root * 

Tip t. * 
c 

Data for (1) of (2) Sides 
Leading Edge Cuff ? 

Planform Area Ft* 

leading Edge Intersects Fus M. 1. 9 Sta 
tending Edge Intersects wing e, Sta 41 


DWG. N0.___ 

VL70-000140B 

VT.7n-r»nr>?fV) 

FULL-SCALE 

MODEL SCALE 


2690.00 0.269 

" rr r li ' 


936-68 

~TW! 

~ £.265 

2.265 

1.177 

1.177 

0.200 

_ 0.200 

3-500 

3.500 

0.500 

o.soo 

+ 3-000 

+^.000 

frS*flQQ- 

— 10,056 

2Z£ aa. 

Jmm 
- -ia.056 

35-209 

__ 689.24 

6.892 

-137.85 

1 . 379 

474.81 

. .4.748 

1136. 83 

.11.368 

_ 2 . 90.58 

_2.906 

--182,13 

1.821 


1751 . 50 HJLZ5 





. n . 24.5 


562.09 

5.621 

137.85 

_L,_379 

392.83 

3-928 

1185.96 

II .860 

294.30 

2.943 

251.77 

2.518 ._. 

0.113 

0.113 


0.12 0.12 



1 H 

500.00 

s.ooo _ 

1024,00 

UL22tQ 
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Figure 1. - Axis systems. 





11.887 
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Installation of Model 51-0 in the Cal span Hypersonic Shock Tunnel 

(48 Inch Leg) 


7&0 SK0ISN3Wia 
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SSV Orbiter Configuration 140A/B 




a. Downstream View of Model and Pitot Rake in 48-Inch HST Test Section 


Figure 3. - Model photographs. 




Figure 3. - Continued. 
52 




c. Sideview of Pitot Rake and Model, Mounted in Test Section of 
48-Inch HST 







d. Right Sideview of Cal span "E" Force Balance Assembly with 
Accelerometer Bracket 


Figure 3. - Continued. 
54 




e. Top View of Calsoan "E" 
Accelerometer Bracket 


Force Balance Assembly and 


Figure 3. - Continued. 
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f. 


Left Side View of Cal span "E" 
Accelerometer Bracket 

Figure 3. - 


Force Balance Assembly and 



Continued. 
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Calspan Corporation Buffalo, New York 


h. Close-up, Top View of Model Left Wing and Aft Body Showing Accelerometer, 
Pressure Transducers, FET, and Amplifiers 

Figure 3. - Continued. 
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Buffalo, New York 


essure Orifices, 
' Mount For d 


m- 


jed , 




Top View Showing Model Mounted on Sting-Balance Assembly and 
Cavity Pressure Transducer on Forward Right Side of Balance Housing 


Figure 3. - Concluded. 
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Forward Model Static Pressure Versus Airflow Dyanamic Pressure for the 140A/B Model 51-0 - Test 0A113 

Figure 4. - Continued. 
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